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LARGE CAPACITY STORAGE APPARATUS 
HAVING STORAGE CELLS, AN ACCESSOR, 
A CACHE MEMORY AND A DISC UPDATE 

SECTION TO SET A NUMBER OF 
FREQUENTLY ACCESSED STORAGE 

MEDIA 

This is a division of application Ser. No. 08/900,452, 
filed Jul. 25, 1997, now U.S. Pat. No. 5,933,853, which is a 
continuation of application Ser. No. 08/409,522, filed Mar. 
24, 1995, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a large-capacity information 
Storage apparatus which has removable Storage media, Such 
as optical discs, assembled for use and to an information 
processing method. 

2. Description of the Related Art 
Recently, the amount of data managed in offices has 

become enormous. To manage those large amounts of data, 
an autochanger is proposed in Unexamined Japanese Patent 
Application Publication No. 4-3.01282. The autochanger can 
hold a plurality of optical discs (e.g., rewritable opto 
magnetic discs or CD-ROMs) Serving as removable large 
capacity information Storage media. An autochanger also 
enables Selective access, and has a control Section which 
receives access from a WorkStation and reads data from a 
Specified optical disc. The control Section has the function of 
reading other data designated in other access information 
from the WorkStation into memory in advance, while the 
WorkStation is processing the read-out data. Because acceSS 
ing the memory is done faster than access to the optical disc, 
use of a pre-reading function shortens the access time on the 
whole. 

The transporting and loading of an optical disc to the 
optical disc drive and the removing of an optical disc from 
the disc drive, however, takes a very long time as compared 
with the data processing in the WorkStation or memory. 

The pre-reading of the memory reading data can Shorten 
the access time for reading data to Some extent. In writing 
data, however, when the data processed at the WorkStation is 
to be written to an optical disc, the corresponding optical 
disk is going to be accessed. 
To access an optical disc, a check is made to See whether 

or not the optical disc is loaded in an optical disc drive. If 
it is loaded, then the optical disc drive is accessed. If it is not 
loaded, the optical disk loaded in the optical disc drive is 
removed and returned to a storage cell. Then, the optical disc 
containing the data to be accessed is taken out of a Storage 
cell and loaded in the optical disc drive. Thereafter, the 
optical disc drive is accessed. 

The time required for the proceSS is approximately ten 
Seconds in the case of ordinary 5-inch optical disc drives, 
Several hundred or Several thousand times the processing 
time needed for accessing the memory. The main causes are 
the spin down process (the process of Stopping the rotating 
motor in the optical disc drive) performed before the optical 
disc is removed from the optical disc drive, and the Spin up 
process (the process of bringing the rotating motor to a 
Specific number of revolutions in the optical disc drive) after 
the loading of the disc. 

In the future, the amount of data managed in offices is 
expected to increase rapidly as a result of a wide spread use 
of multimedia data, Such as moving picture data. In Such a 
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2 
Situation, the number of direct accesses to optical discS is 
considered to increase. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
removable Storage medium assembled-type large-capacity 
information Storage apparatus constructed So as to reduce 
the number of accesses to removable Storage media, thereby 
enabling high-Speed data reading and writing, and an infor 
mation processing method. 
The forgoing object is accomplished by providing a data 

acceSS apparatus comprising: keeping means for keeping a 
plurality of less frequently accessed optical Storage media 
Storing less frequently accessed data and highly frequently 
accessed optical Storage media Storing highly frequently 
accessed data; driving means for having one of the plurality 
of optical Storage media loaded therein and writing and 
reading data into and from the loaded optical Storage 
medium; first processing means for loading one of the 
optical Storage media kept in the keeping means into one of 
the driving means or removing the Storage medium loaded 
in the driving means and returning it to the keeping means, 
a cache memory for Storing cache data for the optical Storage 
media; a cache Storage medium for Storing modified data 
outputted from the cache memory or data having an access 
frequency larger than a Specified value and not being Stored 
in one of the highly frequently accessed optical Storage 
media; and a number of highly frequently accessed disc 
update means for obtaining an amount of data actually 
frequently accessed from a data access history and for 
computing a number of highly frequently accessed optical 
Storage media on the basis of an amount of data and for 
Setting the number of the highly frequently accessed optical 
Storage media at the number of media computed. 
With the present invention, when data is written from the 

cache memory into a magnetic Storage medium, the writing 
is affected after it is confirmed that the writing data is not 
Stored in either the magnetic Storage medium or any of the 
removable Storage media, or that the writing data is accessed 
highly-frequency and is not Stored in the highly-frequency 
accessed removable Storage media. When the above 
mentioned confirmation is not made, the data writing pro 
ceSS is inhibited. Therefore, it is possible to provide a data 
acceSS apparatus which improves the use efficiency of the 
magnetic Storage medium and shortens the access time on 
the whole. 

Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumen 
talities and combinations particularly pointed out in the 
appended claim. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of the Specification, illustrate a pres 
ently preferred embodiment of the invention, and together 
with the general description given above and the detailed 
description of the preferred, embodiment given below, Serve 
to explain the principles of the invention. 

FIG. 1 shows a hierarchical Storage model in an 
assembled-type optical disc apparatus according to one 
embodiment of the present invention; 

FIG. 2 is a block diagram of the entire structure of an 
assembled-type optical disc apparatus according to the 
embodiment of the present invention; 
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FIG. 3 is a diagram for explaining a frequency prediction 
proceSS, 

FIG. 4 shows an outline of a rotation process, 
FIG. 5 shows another outline of a rotation process; 
FIG. 6 shows an example of data Storage in a System 

management table, 
FIG. 7 shows an example of data Storage in a logical block 

management table, 
FIG. 8 shows an example of data Storage in a rotation 

history management table; 
FIG. 9 shows an example of data Storage in a physical 

block management table; 
FIG. 10 shows an example of data Storage in a cache 

memory block management table; 
FIG. 11 shows an example of data storage in a cache HDD 

block management table; 
FIG. 12 shows an example of data Storage in an optical 

disc management table; 
FIG. 13 shows an example of data Storage in an optical 

disc drive management table; 
FIG. 14 is a flowchart to help explain the process in the 

optical disc apparatus, 
FIG. 15 is a flowchart to explain the logical block reading 

proceSS, 
FIG. 16 is a flowchart to explain the logical block writing 

proceSS, 
FIG. 17 is a flowchart to explain the access history update 

proceSS, 
FIG. 18 is a flowchart to explain the frequency prediction 

proceSS, 
FIG. 19 is a flowchart to explain the cache memory block 

Securing process; 
FIG. 20 is a flowchart to explain the cache memory block 

Securing process; 
FIG. 21 is a flowchart to explain the cache HDD block 

Securing process; 
FIG. 22 is a flowchart to explain the optical disc block 

Securing process; 
FIG. 23 is a flowchart to explain the optical disc reading 

proceSS, 
FIG. 24 is a flowchart to explain the optical disc writing 

process, and 
FIG. 25 is a flowchart to explain the process of updating 

the number of highly-frequency accessed discs. 
DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENT 

Hereinafter, referring to the accompanying drawings, an 
embodiment of the present invention will be explained. 

FIG. 1 shows an outline of the data reading and writing 
proceSS in an apparatus according to the embodiment. 
Before explanation of the process, the System configuration 
of an assembled-type optical disc apparatus according to the 
embodiment will be explained with reference to FIG. 2. 
An optical disc apparatus shown in FIG. 2 comprises a 

CPU 1, a main memory 2, a HDD (hard disc drive)3, a cache 
memory 4, a cache HDD 5, an autochanger control Section 
6, an optical disc drive control Section 7, an autochanger 8, 
and a communication control Section 9. 
The HDD 3 and main memory 2 store programs and data. 

They also store management tables 12 explained later. 
The CPU 1 controls the entire operation. The CPU reads 

the program stored in the HDD 3 into the main memory 2, 
and controls each Section according to the contents of the 
main memory. 
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The autochanger 8 is composed of a plurality of Storage 

cells 21a to 211, and an accessor 23, and is controlled by the 
autochanger control Section 6. 
The storage cells 21a (21b to 21 l) (keeping means) hold 

optical discs 24. The storage cells 21a to 211 are numbered 
from 0 to 11. The storage cell 21a with number 0 is a 
window of the autochanger 8 for taking in and out optical 
discS 24. Optical discS 24 can be held in the eleven Storage 
cells 21b to 21 l numbered from 1 to 11. 
The optical disc drives 22a, through 22d (driving means) 

write data into and read data from the optical discs 24. The 
optical disc drive control Section 7 controls four optical disc 
drives 22a, through 22d. 
The accessor 23 (first processing means) moves the 

optical discS 24 between the Storage cell 21 and the optical 
disc drives 22a through 22d. 
The cache memory 4 is made up of a nonvolatile Semi 

conductor memory and is the highest-level Storage device in 
hierarchic Storage. 
The cache HDD 5 (a cache storage medium) is an HDD 

for Storing the data read from the optical disc drives 22a 
through 22d and is a middle-level Storage device in hierar 
chic Storage. 
The cache memory 4 and cache HDD 5 are managed by 

the LRU (Least Recently Used) system, for example. 
An LRU algorithm is based on a hypothesis that “the 

recently accessed data will be accessed frequently from now 
on', and drives the least recently accessed data item when 
the cache is full. 
The communication control Section 9 is connected to a 

LAN 10, receives commands sent from an external unit 
through the LAN 10, and transmits the processing result. 

These Sections are connected to each other with a System 
bus 11. 
The optical discS 24 are opto-magnetic discs, which can 

not only read data, but also add, delete and modify data. 
All the data in the apparatus is managed in blocks each 

consisting of units of 1K bytes, where K is 1024. A single 
optical disc 24 contains 1M blocks (where M is 1024K) and 
has a capacity of 1Gbytes (where G is 1024M). A total of 
eleven optical discS 24 are managed. Of them, an area for ten 
discS is used for data Storage, and an area for the remaining 
one disc is reserved for an empty area. The entire apparatus 
can manage 10G bytes of data, which corresponds to a 
capacity for ten optical discS 24. 
The cache memory 4 contains 1K blocks and has a 

capacity of 1M bytes (corresponding to 0.01% of the entire 
apparatus capacity). The cache HDD 5 contains 1M blocks 
and has a capacity of 1Gbytes (corresponding to 10% of the 
entire apparatus capacity). 

In the apparatus, logical block Nos. (from 1 to 10M) are 
given to 10M blocks (a capacity of 10G bytes) to be 
managed. For each logical block, a management table 12 
manages the number of optical disc 24, its physical block 
number, and its access history. The physical block has an 
actual block number on the optical disc 24. 
The access history indicates the past two access times to 

blocks and is used in Selecting a logical block to be driven 
out of the cache memory 4 or cache HDD 5 in predicting the 
access frequency of a logical block. The commands Sent 
through the LAN 10 are a request for reading and writing 
from and into logical blocks. In a reading process, data is 
loaded into the cache memory 4 and a response is given. 

Hereinafter, an outline of the processes in the FIG. 2 
apparatus will be given with reference to FIG. 1. 
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A CPU 1 serving as a read/write control unit is provided 
with a frequency prediction Section 1a that predicts the 
access frequency of data items. The optical discS 24 are 
divided into a highly-frequency accessed group that Stores 
highly-frequency accessed data items and a less-frequency 
accessed group that Stores low-frequency accessed data 
items. By collecting highly-frequency accessed data items 
on the highly-frequency accessed optical discS 24, the num 
ber of changes of optical discS 24 can be reduced. 

In Staging out data from the cache memory 4 to the cache 
HDD 5, only when the data is dirty or high-frequency 
accessed and not Stored in a highly-frequency accessed 
optical disc 24, it is written into the cache HDD 5. In other 
cases, writing is not effected and the data is just discarded. 
Here, data Subjected to modifications is defined as dirty and 
data subjected to no modification in the CPU 1 is defined as 
clean. 

When data is staged out from the cache HDD 5 to the 
optical disc 24, the data is always written into an empty area 
in the highly-frequency accessed optical disc 24, and a 
delete mark is put on the area in the original leSS-frequency 
accessed optical disc 24 from which the data is read out and 
the area is treated as empty. 
When the high-frequency accessed optical discS 24 are 

running Short of empty areas, the empty areas with delete 
marks are put together in the less-frequency accessed optical 
discS 24 to produce an optical disc 24 whose entire area is 
an empty area. Then, a rotation proceSS is performed to turn 
the optical disk 24 into a new highly-frequency accessed 
optical disc 24. 
By doing this, the cache HDD 5 stores dirty data items or 

only Such data items as are newly turned into highly 
frequency accessed data items and have not been allocated 
to a highly-frequency accessed optical disc 24. The data 
already allocated to a highly-frequency accessed optical disc 
24 is not written into the cache HDD5. When accessed, the 
data is read from a highly-frequency accessed optical discs 
24 more likely to be loaded. This makes it possible to access 
as much highly-frequency accessed data as a Sum of the 
capacity of the cache HDD 5 and an optical disc capacity of 
the optical disc drives accessed, without changing the opti 
cal discS 24. Thus, the number of changes of optical discS 24 
can be reduced. 

The frequency prediction Section 1a, as shown in FIG. 1, 
predicts the access frequency of each data item on the basis 
of a history of times when the rotation process of the optical 
disc 24 was carried out and a history of access times to each 
data item. In FIG. 3, R1 and R2 indicate a first and second 
times when the latest rotation processes were performed 
respectively, and A1 and A2 indicate a first and Second times 
when the latest data accesses were effected respectively. 
These give: 

Rotation interval: Ri=max ((R1-R2), present time-R1) 

Access interval: Ai=max (A1-A2), present time-A1) 

The value obtained by multiplying the rotation interval by 
the number of highly-frequency accessed optical discS can 
be considered to be a period of time when the highly 
frequency accessed optical discS 24 remain loaded in the 
optical disc drives 22a through 22d. The access interval can 
be considered to be the time elapsed until data is accessed 
next time. When the access interval is within a value 
obtained by multiplying the rotation interval and the number 
of highly-frequency accessed discS, Storing data on a pres 
ently highly-frequency accessed optical disc 24 provides a 
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6 
Strong possibility that the data can be accessed without 
change of discs in the next access. Therefore, the data can be 
judged to be highly-frequency accessed data at the present 
time. Conversely, when the access interval is larger than the 
product value (the rotation interval the number of highly 
frequency accessed discs), there is a strong possibility that 
a Subsequent access will not take place as long as the 
presently highly-frequency accessed optical disc 24 is 
loaded. Therefore, the data can be determined to be accessed 
with low-frequency. By comparing the data access interval 
with the rotation interval of optical disc 24 multiplied by the 
number of highly-frequency accessed discs, it can be deter 
mined whether the frequency of use of data is high or low 
as in the following expression: 

if Aiz=(Rithe number of highly-frequency accessed discs), then 
highly-frequency-accessed data, else less-frequency-accessed 
data. 

The rotation proceSS is the process of putting empty areas 
with delete marks together in the optical discS 24 to produce 
an empty optical disc 24 whose entire area is empty, and 
Setting the empty optical disc 24 for a most-frequently 
accessed optical disc 24. 

In FIG. 4, the process of moving the data in a highly 
frequency accessed optical disc 24 to an empty area in a still 
highly-frequency accessed optical disc 24, is carried out, 
Starting with the most frequently accessed optical disc 24 
downward to high-frequency accessed optical discS 24 in 
descending order. This can produce an empty optical disc 24, 
while maintaining the order of frequency of use of data 
based on the access history. Thereafter, the empty optical 
disc 24 is Set for the most frequently accessed optical disc 
24. 

FIG. 5 shows another rotation process, which minimizes 
the amount of data moved as compared with the process of 
FIG. 4. 
The number of highly-frequency accessed discS must be 

Set at the number of as many optical discS as the logical 
blocks actually frequently accessed according to the change 
of access pattern. 
When the number of highly-frequency accessed discS is 

Smaller than the number of logical blockS actually frequently 
accessed, even the logical block data allocated to an optical 
disc 24 more likely to be loaded undergoes the Stage out 
process of the cache HDD 5 and another optical disc 24, 
which increases the number of rotation processes, degrading 
the performance. Conversely, when the number of highly 
frequency accessed discS is too large, even if the logical 
block is frequently accessed and not allocated to an optical 
disc 24 more likely to be loaded, it is not subjected to the 
Stage-out process. That is, the optimum data allocation is not 
made between optical discS 24, and therefore each time a 
logical block is accessed, the change of optical discS 24 
takes place, degrading the performance. 
To avoid this drawback, the CPU 1 contains a number 

of-highly-frequency-accessed-disc update Section 1b, which 
looks up the acceSS history of logical blocks, obtains the 
number of logical blocks accessed in a certain period of 
time, and updates the number of high-frequency accessed 
discs. 
While in the aforementioned process, a delete mark is put 

on the area in the old optical disc 24 at the time of Staging 
out data from the cache HDD 5 to an optical disc 24, a delete 
mark may be put at the time of Staging out data from the 
cache memory 4 to the cache HDD 5. This makes it possible 
to Secure an empty area on the optical disc 24 at the early 
Stage, thereby increasing the possibility that highly 
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frequency accessed data exists in the cache HDD 5 or 
highly-frequency accessed optical disc 24. 

FIGS. 6 to 13 show the management tables 12 accessed in 
the apparatus, or management tables 31 through 38 at the 
initial time. 

FIG. 6 is a system management table 31 showing the 
system structure of the entire apparatus. “NUMBER OF 
OPTICAL DISCS” is the number of optical discs to be 
managed in the apparatus. Here, it is 11 and the individual 
discS are given optical disc Nos. 1 to 11, respectively. 
“NUMBER OF PHYSICAL BLOCKS PER OPTICAL 

DISC is the number of physical blocks in a single optical 
disc. Here, it is 1M, and the individual blocks are given 
physical block Nos. 1 to 1M. Since one block contains 1 K 
bytes-a capacity of a Single optical disc is 1Gbytes. 
“NUMBER OF EMPTY, OPTICAL DISCS is the num 

ber of empty optical discS 24. Here, it is 1. The Single empty 
optical disc is accessed for deleted blocks (empty blocks) 
caused at the time of writing high frequently accessed data 
items. The number of discs obtained by subtracting “NUM 
BER OF EMPTY, OPTICAL DISCS from “NUMBER OF 
OPTICAL DISCS” is the number of logical optical discs that 
manage logical blocks. Here, 11-1 gives 10 discs, and the 
number of logical blocks is 10M (10Gbytes). 
“NUMBER OF CACHE HDD BLOCKS is the number 

of blocks in the cache HDD 5. Here, it is 1M, and the 
individual blocks are given cache HDD block Nos. 1 to 1M, 
respectively. The capacity is 1G bytes, corresponding to 
10% of the total management capacity of the apparatus (10G 
bytes). 
“NUMBER OF CACHE MEMORY BLOCKS is the 

number of blocks in the cache memory 4. Here, it is 1 K, and 
the individual blocks are given cache memory block Nos. 1 
to 1 K, respectively. The capacity is 1M bytes, corresponding 
to 0.01% of the total management capacity of the embodied 
apparatus (10G bytes). 
“NUMBER OF OPTICAL DISC DRIVES is the total 

number of the optical disc drive units 22a through 22d built 
in the autochanger 8. Here, it is 4, and the individual units 
are given-optical drive Nos. 1 to 4, respectively. 
“NUMBER OF HIGH FREQUENTLY ACCESSED 

DISCS” is the number of optical discs that store logical 
blockS estimated to be high-frequency accessed blockS. 
Here, it is 4. 

FIG. 7 is a logical block management table 32 that 
manages a total of 10M logical blocks. “OPTICAL DISC 
NO." and “PHYSICAL BLOCK NO." indicate an optical 
disc 24 in which the data in a logical block is actually Stored 
and its physical block number. “ACCESS TIME 1” and 
“ACCESS TIME 2' are the time at which the logical block 
was accessed latest and the time at which the logical block 
was accessed earlier by an external unit, respectively. 

Logical block data whose number is 1 is Stored in physical 
block whose number is 1 on an optical disc 24 whose 
number is I. Because it has not been accessed yet at all, both 
ACCESS TIME 1 and ACCESS TIME 2 are 00:00. 

FIG. 8 is a rotation history management table 33 that 
manages the history of the rotation process of the optical 
discS 24, and consists of two times at which the rotation 
proceSS was performed in the past. Here, because the rota 
tion has not been effected yet at all, 00:00 is set for the tires. 

FIG. 9 is a physical block management table 34 that 
manages the physical blocks in eleven optical discS 24. The 
physical blocks are managed in Sequence, Starting at physi 
cal block whose number is 1 on an optical disc 24 whose 
number is 1. “PHYSICAL FLAG indicates whether the 
corresponding physical block is allocated as a logical block 
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8 
(USED) and accessed (ACCESSED), or unallocated to a 
logical block and empty (EMPTY). In the initial state, all the 
physical blocks in the optical discS 24 whose optical disc 
numbers range from 1 to 10 are accessed, and all the 
physical blocks in the optical disc whose optical disc num 
ber is 11 are Set empty. 

FIG. 10 is a cache memory block management table 35 
that manages 1K cache memory blockS Stored in the cache 
memory 4. "BLOCK FLAG” indicates whether a cache 
memory block is un-accessed and empty (EMPTY), a logi 
cal block has been allocated without modifying the data 
(CLEAN), or a modification has been made to the data 
(DIRTY). In the case of clean or dirty, the number of the 
logical block to be allocated is stored in “LOGICAL 
BLOCK NO.” Here, all of the cache memory blocks are 
empty. 

FIG. 11 is a cache HDD block management table 36 that 
manages 1M cache HDD blocks stored in the cache HDD 5. 
“BLOCK FLAG’ indicates whether the cache HDD block is 
un-accessed and empty (EMPTY), a logical block has been 
allocated without modifying the data (CLEAN), or a modi 
fication has been made to the data (DIRTY). In the case of 
clean or dirty, the number of the logical block to be allocated 
is stored in “LOGICAL BLOCKNO.” Here, all of the cache 
HDD blocks are empty. 

FIG. 12 is an optical disc management table 37 that 
manages all of the eleven optical discS 24 in the apparatus. 
“FREQUENCY” indicates how frequently the data stored in 
each optical disc 24 is accessed. The larger the value, the 
higher frequency the stored data is accessed. “STORAGE 
CELL NO." is the number of storage cell 21a in the 
autochanger 8. When optical discs 24 are removed from the 
optical disc drives 22a through 22d they are placed in 
storage cells 21a through 21l identified by STORAGE 
CELL NOS. 

FIG. 13 is an optical disc drive management table 38 that 
manages four optical disc drives 22a through 22d “OPTI 
CAL DISC NO." is the number of an optical disc 24 loaded 
in each optical disc drive 22a. 

FIGS. 14 to 25 are flowcharts showing the processing 
procedure in the control Section in the apparatus. 

FIG. 14 is a flowchart showing the entire process proce 
dure in the apparatus. 

First, the individual management tables 31 through 38 
stored in the HDD 3 are read out and stored in the main 
memory 2. 

According to the Settings in the optical disc drive man 
agement table 38, Specified optical discS 24 are loaded into 
the individual optical disc drives 22a through 22d. 

Thereafter, a command transmitted from an external unit 
is received by the communication Section 9 and the process 
according to each command is executed. 
When the command is “LOGICAL BLOCK READING”, 

a “LOGICAL BLOCK READING PROCESS” is performed 
where the logical block data Specified by an external unit is 
read out and transmitted to the external unit (FIG. 15). 
When the command is “LOGICAL BLOCKWRITING 

a “LOGICAL BLOCKWRITING PROCESS” is performed 
where the block data received from the external unit is 
written into the specified logical block (FIG. 16). 
When the command is “UPDATE OF NUMBER OF 

HIGH-FREQUENCY ACCESSED DISCS", a “NUMBER 
OF HIGH-FREQUENCY ACCESSED DISCS UPDATE 
PROCESS" is performed where the optimum number of 
highly-frequency accessed optical discS is calculated from 
the access history of logical blocks and the number of 
highly-frequency accessed discs is updated (FIG. 25). 
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When the command is “OTHER OPERATION 
MANAGEMENT", an “OTHER OPERATION MANAGE 
MENT PROCESS” is performed. 
When the command is “END”, the data in each manage 

ment table 31 in the memory is saved in the HDD 3, the 
optical discS 24 loaded in the respective disc drives 22a 
through 22d are returned to the Storage cells 21a through 21l 
and the process is terminated. 

FIG. 15 is a flowchart of “LOGICAL BLOCKREADING 
PROCESS (LBN)". 

First, “ACCESS HISTORY UPDATE PROCESS" is per 
formed where the access history of logical blocks (LBN: 
logical block No.) is updated (FIG. 17). 

Then, the cache memory block management table 35 is 
Searched to check to See if the Specified logical block exists 
in the cache memory 4. If it exists, the logical block data in 
the cache memory 4 is transmitted by the communication 
control Section 9 to an external unit, and control returns. 
When the specified logical block does not exist in the 

cache memory 4, a “CACHE MEMORY BLOCK SECUR 
ING PROCESS" is performed where an empty block is 
secured in the cache memory 4 (FIGS. 19 and 20), thereby 
obtaining a cache memory block (CBN). 

Then, the cache HDD block management table 36 is 
Searched to check to See if the Specified logical block exists 
in the cache HDD 5. If it exists, the data is read from the 
cache HDD block (HBN) in the cache HDD 5 and stored in 
the cache memory block (CBN). If it does not exist in the 
cache HDD5, an “OPTICAL DISC READING PROCESS” 
is performed where the logical block (LBN) is read from the 
optical disc 24 and Stored in the cache memory block 
(CBN). 

Thereafter, “CLEAN” is set in “BLOCK FLAG” corre 
sponding to the cache memory block (CBN) in the cache 
memory block management table 35, and LBN is set in 
“LOGICAL BLOCKNO.". Then, the logical block data in 
the cache memory 4 is transmitted by the communication 
control Section 9 to an external unit, and control returns. 

FIG. 16 is a flowchart of “LOGICAL BLOCKWRITING 
PROCESS (LBN)". 
An “ACCESS HISTORY UPDATE PROCESS" is per 

formed where the access history of logical blocks (LBN: 
logical block No.) is updated (FIG. 17). Then, a check is 
made to see if the Specified logical block exists in the cache 
memory 4. If it exists, the data is written in the cache block 
(CBN). If it does not exist, a “CACHE MEMORY BLOCK 
SECURING PROCESS" is performed (FIGS. 19 and 20), 
and data is written into the Secured cache memory block 
(CBN). 

Thereafter, “DIRTY” is set in “BLOCK FLAG” corre 
sponding to the cache memory block (CBN) in the cache 
memory block management table 35, and LBN is set in 
“LOGICAL BLOCKNO.'. Then, control returns. 

FIG. 17 is a flowchart of “ACCESS HISTORY UPDATE 
PROCESS (LBN)". 

First, ACCESS TIME 1 corresponding to the logical block 
(LBN) in the logical block management table 32 is sub 
tracted from the present time, and the result is Stored in a 
variable (variable 1: specific time interval). When variable 1 
is less than the burst interval, the access is considered to 
have been made intensively, and the history is not updated. 
When variable 1 is larger than the burst interval, the value 
of ACCESS TIME 1 is set for ACCESS TIME 2, and the 
present time is set for ACCESS TIME 1, Then, control 
returns.-In the apparatus, the burst interval is Set at 60 
Seconds. That is, even if how many times access is made in 
60 Seconds, it is treated as a Single access. 
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FIG. 18 is a flowchart of “FREQUENCY PREDICTION 

PROCESS (LBN)". 
As shown in FIG. 3, the access interval Ai for logical 

blocks (LBN) and the rotation interval Rifor optical discs 24 
are obtained. 
When access interval Ai is less than the rotation interval, 

high frequency is predicted. When the access interval is 
larger than the rotation interval, low access frequency is 
predicted and control returns. 

FIGS. 19 and 20 are flowcharts of “CACHE MEMORY 
BLOCK SECURING PROCESS. 

First, a check is made to see if there is an empty block in 
the cache memory 4. If it is present, the cache memory block 
(CBN) is returned. 

If there is no empty block, the cache memory block 
(CBN) that holds the oldest ACCESS TIME 2 for logical 
block is Selected from the cache memory 4, and it is 
determined to be the cache memory block to be driven out. 
The cache memory block (CBN) is checked for its block 

flag. If it is set for “DIRTY” (the data has been changed), 
data is staged out to the cache HDD 5. In Staging out data 
to the cache HDD5, a check is made to see if the cache HDD 
5 contains the cache HDD block (HBN) that stores the same 
logical block as that stored in the cache block (CBN). If it 
does, data is written into the cache HDD block (HBN). If it 
does not contain, a “CACHE HDD BLOCK SECURING 
PROCESS' is performed to secure an additional cache HDD 
block(FIG. 21), and data is written in the secured cache 
HDD block (HBN). 

After data has been written into the cache HDD 5, the 
block flag of the cache memory block (CBN) is set for the 
block flag corresponding to the cache HDD block (HBN) of 
the cache HDD block management table 36, and the logical 
block No. stored in the cache memory block (CBN) is set for 
the logical block No. Then, “EMPTY” is set for the block 
flag corresponding to the cache memory block (CBN) of the 
cache memory block management table 35. Thereafter, 
control returns. 
When the block flag of the cache memory block (CBN) is 

“CLEAN", a check is made to see if the cache HDD 5 
contains the same logical block as the cache memory block 
(CBN). If the same logical block exists in the cache HDD 5, 
the block flag of the cache memory block (CBN) is set for 
“EMPTY', and control returns. 

If the same logical block does not exist in the cache HDD 
5, a check is made to see if the cache HDD 5 contains an 
empty block. If it contains an empty block, the cache 
memory block (CBN) is written into an empty block in the 
cache HDD 5. Then, the block flag of the cache memory 
block (CBN) is set for “EMPTY", and control returns. 

If there is no empty block in the cache HDD 5, a 
“FREQUENCY PREDICTION PROCESS” to predict the 
access frequency of logical blocks (LBN) is performed(FIG. 
18). When it is predicted that the frequency will be high, a 
check is made to See if the physical block corresponding to 
a logical block (LBN) is placed on a high frequently 
accessed optical disc 24. If it is not placed, the cache 
memory block (CBN) is written into the cache HDD5, and 
the block flag of the cache memory block (CBN) is set for 
“EMPTY”. Then, control returns. 
When it is predicted that the frequency will be low or 

when a physical block has been placed on a high frequently 
accessed optical disc 24, the block flag of the cache memory 
block (CBN) is set for “EMPTY”. Then, control returns. 
FIG 21 is a flowchart of “CACHE HDD BLOCK 

SECURING PROCESS. 
First, a check is made to see if there is an empty block in 

the cache HDD 5. If an empty block is present, the cache 
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HDD block (HBN) is returned. If there is no empty block, 
the corresponding logical block (LBN) whose ACCESS 
TIME 2 is the oldest is selected from the cache HDD block 
(HBN) in the cache HDD 5. Then, an optical disc (ODN) in 
which the physical block for a logical block (LBN), and a 
physical block (PBN) are obtained. Thereafter, “EMPTY” is 
Set in the corresponding physical flag in the physical block 
management table 34. 

Then, an “OPTICAL DISC BLOCK SECURING PRO 
CESS' is performed where an empty block is secured in an 
optical disc 24 (FIG.22) to obtain the optical disc (ODN2) 
and the physical block (PBN2). Then, an “OPTICAL DISC 
WRITING PROCESS" is performed where the data in the 
cache HDD block (HBN) is written into the physical block 
(FIG. 24). 

Next, “USED' is set in the physical flag corresponding to 
the physical block (PBN2) newly written in the physical 
block management table 34, ODN2 is set for the optical disc 
No. corresponding to the logical block (LBN) in the logical 
block management table 32, and PBN2 is set for physical 
block No. Finally, “EMPTY” is set in the block flag corre 
sponding to the cache HDD block (HBN) in the cache HDD 
block management table 36. Then, control returns. 

FIG. 22 is a flowchart of “OPTICAL DISC BLOCK 
SECURING PROCESS. 
A check is made to See if there is an empty block in a high 

frequently accessed optical disc 24. If an empty block is 
present, its optical disc No. (ODN) and its physical block 
No. (PBN) are returned. If there is no empty block, empty 
blocks are put together in low frequently accessed optical 
disc 24 to produce an empty disc. Then, a “ROTATION 
PROCESS' is performed where the empty disc is turned into 
a high frequently accessed optical disc 24. Next, the high 
frequently accessed optical disc 24 is Searched for an empty 
block, and its optical disc No. (ODN) and its physical block 
No. (PBN) are returned. FIG. 23 is a flowchart of “OPTI 
CAL DISC READING PROCESS (LBN, CBN).” 
The logical block management table 32 is Searched to 

obtain the optical disc (ODN) in which a logical block 
(LBN) is stored, and a physical block (PBN). Then, a check 
is made to see if the optical disc (ODN) 24 is loaded in an 
optical disc drive. If it is loaded, data is read from the 
physical block (PBN) on the optical disc (ODN) 24 in the 
optical disc drive (DVN), and is stored in the cache memory 
block (CBN). Thereafter, control returns. 
When it is not loaded, the optical disc (ODN2) 24 whose 

access frequency is the Smallest is Selected from the optical 
discs loaded. The selected optical disc 24 is removed from 
the optical disc drive (DVN) and returned into a storage cell. 
Then, an optical disc 24 (ODN) is taken out of a storage cell 
and loaded into the optical disc drive (DVN), and ODN is set 
for the optical No. corresponding to the optical disc drive 
(DVN) in the optical disc drive management table 38. 

Finally, data is read from the optical disc (ODN) physical 
block (PBN) in the optical disc drive (DVN), and stored in 
the cache memory block (CBN). Then, control returns. 

FIG. 24 is a flowchart of “OPTICAL DISC WRITING 
PROCESS (HBN, ODN, PBN)". 
A check is made to see if the optical disc 24 (ODN)is 

loaded into the optical disc drive 22a. If it is loaded, the data 
in the cache HDD block (HBN) is written into the physical 
block (PBN) in the optical disc 24 (ODN) in the optical disc 
drive (DVN) 22a. Then, control returns. If it is not loaded, 
the optical disc 24 whose access frequency is the Smallest is 
selected from the optical discs 24 loaded. The selected 
optical disc 24 is removed from the optical disc drive 
(DVN), and is returned to the storage cell 21a. 
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Then, the optical disc 24 (ODN) is removed from the 

Storage cell 21a, and loaded into the optical disc drive 
(DVN) 22a. Thereafter, ODN is set for the optical disc 
number corresponding to the optical disc 24 (DVN) in the 
optical disc drive management table 38. Finally, the data in 
the cache HDD block (HBN) is written into the physical 
block (PBN) in the optical disc 24 in the optical disc drive 
(DVN) 22a. Then, control returns. 

FIG. 25 is a flowchart of “PROCESS OF CHANGING 
THE NUMBER OF HIGHLY-FREQUENCY ACCESSED 
DISCS (VARIABLE 2)”. 
The logical block management table 32 is Searched to 

obtain the number (N) of logical blocks whose ACCESS 
TIME 2 is within the period of the past (variable 2). Then, 
the largest one of the value obtained by dividing N by the 
number of physical blockS per optical disc and the number 
of optical disc drives is Set as the updated number of 
highly-frequency accessed discs. Then, control returns. 
While in the CACHE MEMORY BLOCK SECURING 

PROCESS (FIGS. 19 and 20) and the CACHE HDD 
BLOCK SECURING PROCESS (FIG. 21), a delete mark is 
put on the area on the old optical disc 24 to turn the area into 
an empty area in Staging out data from the cache HDD 5 to 
the optical disc 24, a delete mark may be put on the area on 
the old optical disc 24 in Staging out data from the cache 
memory 4 to the cache HDD 5. By doing this, an empty area 
can be Secured on the optical disc 24 in the early Stages, and 
both of the cache HDD 5 and the high frequently accessed 
optical discS 24 can be accessed effectively. 
AS described above, by predicting the access frequency of 

data from the access history, allocating frequently accessed 
data to a highly-frequency accessed optical disc, and allo 
cating data to the cache HDD and a highly-frequency 
accessed optical disc more likely to be loaded in an optical 
drive without overlapping, the number of changes of optical 
discS can be reduced, thereby improving the performance of 
the apparatus. 

Furthermore, by obtaining the amount of data actually 
accessed with high-frequency from the data access history, 
and keeping the number of highly-frequency accessed opti 
cal discs at the optimal value, even when variations in the 
pattern of accessing the apparatus occur, the variation can be 
followed, thereby Suppressing the deterioration of the per 
formance. 

In Staging out data from the cache HDD to a highly 
frequency accessed optical disc, by putting a delete mark on 
the area on the old optical disc, an empty area can be Secured 
in the optical disc at an earlier Stage. This can raise a 
possibility that highly-frequency accessed data will exist in 
the cache HDD or a highly-frequency accessed optical disc. 

Furthermore, for example, if the number of optical discs 
is 50, the number of optical disc drives is 2, and all 
highly-frequency accessed data items go in five optical discs 
(referred to as the number of high-frequency accessed discs), 
because in the present invention, access to optical discs 
concentrates on the five optical discS, the probability that an 
optical disc to be accessed will be loaded in a drive is 
2/5=0.4. While in the conventional system, the probability 
was 2/50=0.04. Therefore, it is possible to reduce the 
number of disc changes remarkably. 
AS explained above, it is possible to provide an 

assembled-type optical disc apparatus which reduces the 
number of disc changes, improving the performance, which, 
when the acceSS pattern changes, can follow the changes, 
Suppressing the deterioration of the performance, and which 
can Secure an empty area on an optical disc at an earlier 
Stage, thereby raising the probability that the data to be 
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accessed will exist in the cache HDD or a high-frequency 
accessed optical disc. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the Specific details, 
representative devices, and illustrated examples shown and 
described herein. Accordingly, various modifications may be 
made without departing from the Spirit or Scope of the 
general inventive concept as defined by the appended claim 
and its equivalents. 
What is claimed is: 
1. A data access apparatus comprising: 
a plurality of Storage cells to keep a plurality of highly 

frequently accessed optical Storage media to Store more 
frequently accessed data and less frequently accessed 
media to Store less frequently accessed data; 

at least one optical disc drive to have one of the plurality 
of optical Storage media loaded therein and to write and 
to read data into and from the loaded optical Storage 
media; 

an accessor to load one of the optical Storage media kept 
in one of the Storage cells into one of the at least one 
optical disc drive or to remove the one of the Storage 
media loaded in the one of the at least one optical disc 
drive and returning the one of the at least one optical 
disc drive to the one of the Storage cell; 

a cache memory to Store cache data for the optical media; 
a cache HDD to store modified data outputted from the 

cache memory or data having an access frequency 
larger than a specified value and not being Stored in one 
of the highly frequently accessed optical Storage media; 
and 

a number of highly frequently accessed disc update Sec 
tion to obtain an amount of data actually frequently 
accessed from a data access history and for computing 
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a number of highly frequently accessed optical Storage 
media on the basis of an amount of data and for Setting 
the number of the highly frequently accessed optical 
Storage media at the number of frequently accessed 
optical Storage media computed by the disc update 
Section. 

2. A data access apparatus comprising: 
keeping means for keeping a plurality of leSS frequently 

accessed optical Storage media Storing leSS frequently 
accessed data and highly frequently accessed optical 
Storage media Storing highly frequently accessed data; 

driving means for having one of the plurality of optical 
Storage media loaded therein and writing and reading 
data into and from the loaded optical Storage medium; 

first processing means for loading one of the optical 
Storage media kept in the keeping means into one of the 
driving means or removing the Storage medium loaded 
in the driving means and returning it to the keeping 
means, 

a cache memory for Storing cache data for the optical 
Storage media; 

a cache Storage medium for Storing modified data output 
ted from the cache memory or data having an access 
frequency larger than a specified value and not being 
Stored in one of the highly frequently accessed optical 
Storage media; and 

a number of highly frequently accessed disc update means 
for obtaining an amount of data actually frequently 
accessed from a data access history and for computing 
a number of highly frequently accessed optical Storage 
media on the basis of an amount of data and for Setting 
the number of the highly frequently accessed optical 
Storage media at the number of media computed. 
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